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L ABSTRACT 

3+ - We study the  dynamics of the I = 1, J = 3 K X and systems by the  N / D  

method. 

t o  a r i s e  mainly from the  nearby c u t  (due t o  C and A exchange i n  the  crossed 

The dynamical s i n g u l a r i t i e s  of t he  partial wave ampzitude a r e  assumed 

channel) and the f a r  l e f t  hand cu t  ( - 0 3  < 8 5 0).  The con t r ibu t ion  of the  former 

:-, 

i s  evaluated e x p l i c i t l y  i n  c e r m  U; L:ie r~lzvz:.t %!e- raiipling cons tan ts  and 

t h a t  of the  l a t te r ,  by the  method of Baldzs, through the  in t roduct ion  of  e f fec-  

t i v e  range pole terms. We f ind  t h a t  f o r  a wide range of choice of the  r e l evan t  

Yukawa coupling cons tan ts ,  t he re  e x i s t  s e l f - c o n s i s t e n t  bound state (or resonant)  

so lu t ions  f o r  both I - 1, k E and KN-systems. Se l f - cons i s t en t  s o l u t i o n  f o r  the  

pos i t i on  i n  case of the former i s  found t o  l i e  i n  the range 1650 n~ 1870 MeV 

and t h a t  f o r  the  l a t t e r  i n  the range 1300 1600 Mev. The o v e r a l l  conclusion 

is found t o  be r a t h e r  i n s e n s i t i v e  t o  the  choice of the r e l evan t  Yukawa coupling 

cons tan ts .  
: I  

It i s  discussed i n t h e  Appehdix t h a t  it appears t o  be a t y p i c a l  f ea tu re  of 

l Baldzs type procedure f o r  t r e a t i n g  t h e  f a r  l e f t  hand s i n g u l a r i t i e s , t h a t  i n  almost 

any J = 5 
l y i n g  resonant  so lu t ion ,  un less  the Born terms are very s t rong ly  repuls ive .  Exper- 

imental  confirmation on the  ex is tence  o r  nonexisieii6e tf such zyztem_a wnrlld, thus.  

I 3+ Baryon-meson system one would ob ta in  s e l f 4 o h s i s t e n t  bound s ta te  or low 
I 

have s t rong  impl ica t ions  on the  dynamical methods such as f o r  example adopted i n  

t h e  present  note.  



* 
I. I W R O D U L T  ION 

The discovery of the  R--hyperon a t  about  1680 MeV f i t s  bLaut igul ly  i n t o  

the  10-fold r ep resen ta t ion  of  SU(3). 

as a pole ( i n  t h i s  case a boucd s t a t e )  i n  t h e  I = 0 ,  J = 3/2+ - 
From the  dynamical po in t  e€ view i t  occurs 

1 

2 - s c a t t e r i n g ,  

which presumably arises through the  forces  due t o  C and A-exchange i n  the  u- 

wi th  the  s p e c i f i c  purpose of s tudying whether o r  not one should expect a bound 

s t a t e  (or a resonance) i n  the  above s y s t e m  has been c a r r i e d  out by many authors .  

One may sumkwise the  r e s u l t s  by saying t h a t  t h e  q u a l i t a t i v e  aspec ts  of the  ex i s -  

(1) 

tence of R- i s  perhaps w e l l  understood dynamically. One i n t e r e s t i n g  f e a t u r e  t h a t  

puts  t he  dynamical t reatment  of R- on a somewhat b e t t e r  foo t ing  than those of i t s  
-* (2 1 *(3 1 

predecessors such as E and yl i s  t h a t  t o  a f a i r l y  good approximation c1- 

is e s s e n t i a l l y  a one channel problem; hence the  v i r t u e s  o r  de fec t s  of t he  dynami- 

cal  methods may be a t t r i b u t e d  t o  sources o the r  than  the  inherent  multichannel 

problem (For example; t o  t h e  treatment of t h e  f a r  l e f t  hand cu t  s i n g u l a r i t i e s ,  

i n e l a s t i c  e f f e c t s ,  etc.). 

as w e l l )  is t h a t  i n  t h e  method, where one treats the  far l e f t  hand c u t  (f.1.h.) 

s i n g u l a r i t i e s  by t h e  effective range pole terms(4) (hopefully t h i s  is  b e t t e r  than 

(2 1 
-problem M* The o the r  f e a t u r e  (which is  common t o  the  z 

I 

j u s t  cons ider ing  the  e x p l i c i t  cont r ibu t ion  of the  Born s i n g u i a r i i i c s ;  the dcg~n-  

dence on the  r e l evan t  Yukawa couplings i s  no t  s o  marked a t  l e a s t  f o r  the  q u a l i t a -  

tiz-e a spec t s  of t h e  conclusion. This may, a t  t he  o u t s e t ,  a l s o  be regarded as a 

v i r t u e  (however see d i scuss ion  i n  Sec. IV, and Appendix). 

With these  remarks w e  note  t h a t  t he re  are t h r e e  d i s t i n c t  systems i n  the  27- 

fo ld  r ep resen ta t ion  of SU(3) ,  which a l s o  have the  c h a r a c t e r i s t i c  of  being essen- 

t i a l l y  s i n g l e  channel problems. 

and I = 2 C rr-system. 

They nre t he  I = 1, 2 E -system, I = 1 KN-system 

Analogous t o  the  Re problem w e ,  t he re fo re ,  s tudy  i n  t h i s  
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- 
note the dynamics of the  I = 1, J = 312' - K E and KN-system wi th  a view t o  f ind 

out  whether o r  not one should expect a bound s ta te  (or  a resonance) i n  these  sys- 

t ens ,  i f  so a t  what energ ies  and with what res idues .  

s tud ied  s i m i l a r l y  i n  a sepa ra t e  note.  

The I - 2 ,  Err-system i s  

(5) 

_ _  we find i'niii iui- G vide i-srigc cf &.nice ef the relevant Yukawa coupling 

cons t an t s ,  t he re  e x i s t  s e l f - cons i s t en t  bound s t a t e  ( o r  resonant )  s o l u t i o n s  f o r  

both I = 1 E and KN-systems. The r e s u l t s  are presented i n  Sec. I11 and are 

discussed i n  Sec. I V .  I n  the Appendix w e  shox t h a t  i t  appears t o  be a t y p i c a l  

f e a t u r e  of the  Balazs procedure f o r  t r e a t i n g  the f .1.h.  s i n g u l a r i t i e s  t h a t  i n  

a lmost  any J = 312' Baryon-pseudoscalar meson system, one would ob ta in  s e l f -  

cons i s t en t  bound s ta te  o r  low lying resonant  s o l u t i o n ,  except  when the  Born terms 

are very s t r o n g l y  r epu l s ive .  It i s  discussed i n  Sec. I V  t h a t  experimental  con- 

f i rma t ion  on t h e  e x i s t e n c e  o r  nonexistence of such systems w i l l ,  t he re fo re  have 

s t rong  impl ica t ions  on the  dynamical methods such as for example adopted i n  t h e  

I 

present  note .  

11. THE J = 2+, I = 1, 2 E AND KN-SYSTENS 2 

I 

K &-System: 

We w i l l  f i r s t  d i scuss  s c a t t e r h g  i n  the  I = 1, J = 3 /2+  - k %system and 

mention la ter  what s u b s t i t u t i o n s  are needed f o r  t h e  corresponding KN-system. We 

w i l l  follow the  same no ta t ions  and a l n o s t  the  same procedure a s  i n  I. (3) 

r eade r  i s  r e f e r r e d  t o  I f o r  d e t a i l s .  The s i n g u l a r i t i e s  of the  p a r t i a l  wave ampli- 

t ude  i n  the unphysical region arise from (i) A and Sexchange  i n  the  u-chznnel 

(ii) higher  mass exchanges i n  the u-channel and (iii) Vector-Meson and h igher  mass 

exchanges i n  the  t-channel.  We neglec t  (ii) and (iii) i n  so f a r  as they con t r i -  

b u t e  t o  the  s i n g u l a r i t i e s  i n  the unphysical reg ion  i n  t h e  r i g h t  h a l f  s-plane,  

The 
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which, therefore  is  assumed t o  a r i s e  s o l e l y  through (i). The cont r ibu t ions  of 

(i), (ii) and (iii) t o  the  s i n g u l a r i t i e s  i n  the  l e f t  h a l f  e-plane are represented 

by e f f e c t i v e  range pole terms whose pos i t ions  and res idues  are determined by the  

procedure suggested by Balazs . t 

-- wriiirlg Lilt: p&rCi&l ; ~ v e  a-,-,:it~2~ g +(E) 21 -$-=1 i n  the f n r m  N [ R $ ! ~ ( s > ;  
1 

where N conta ins  a l l  t he  unphysical s i n g u l a r i t i e s  and D the  physical  r i g h t  hand 

c u t ,  we have (using elastic u n i t a r i t y )  

t 

D(s)  = 1 - - 1 ds  l T  2 s(s-8) (s-so) 
(it+=) 

and 

where 

b and b 

use of the  f ixed  energy d i spe r s ion  r e l a t i o n ;  

the  Baldzs curves and are found t o  be: 

are unknown cons tan ts  independent of s and w i l l  be determined by the  
3 4 

and s are determined by drawing s3 4 

2 , s4 - 625 mn 2 
71 

s3 - 22.6 m ( 4 )  
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Ninj  (s) 1 
ri 
-' 

W h P r P  
I *  

2 ' E 
32nq 

4 [[(W + Z)2 - $1 (W 4- Y - 2 Z)Ql(ti) 

+ [(W - E l 2  - K2] (W + 2E: - Y) Q2(a)] 

12(E2 + K2) - W2 - N21+ ' ,  
0 a =  

f o r  the  YEK %Ex Q (x) s tands  f o r  t he  legendre func t ion  of the second kind, 

coupl ing cons tan t  and Y f o r  Cor A. 
.e 

The end poin ts  of the  c u t s  are given by 

Thus : 

2 2 L1(?.! , - o l  m -n .T.,(A) = 139 m- 
11 

As mentioned i n  I, the  nearby c u t  con t r ibu t ion  t o  the N-function (i .e. ,  

(9))  i s  wel l  represented by a two pole formula f o r  8 i n  the physical  'region. N 

Thus f o r  s + (k + E) 
(4 

2 

2 
(8  (5 + E) ) . bl b2 

(n) -1 -2 
N ( 8 )  Ci -+ -  
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where by e x p l i c i t  eva lua t ion  of N (s) (as i n  I) f o r  a few values  of 8 ,  w e  f ind  
(n) 

I 

(11) 

The res idues  b and b are determined f o r  a given choice of (i) t h e  coupling 

gyNK/+Ry \II/ LiiF: 3UULLaLCIVaL p c i a t  e cons tanrrs 

the  pos i t i on  ((sR) 

1 2 
2 I ,  L 1 - -  -..LL .--- c,, (fii) the in?i i t  value of 

" 0  ---- 
) o f '  the  bound stare o r  resonance under examination. i n  

For s below the  physical  region ( i .e .y  f o r  s = s 5  or s%) t o  be introduced 

below) N (s) i s  evaluated e x p l i c i t l y  by numerical i n t eg ra t ion .  n 

From Eqs. (l), (2), (3) and ( l o ) ,  the D-function is given by 

s-s 4 
. D ( s )  = 1 - c bi F(s,siYso) 

TI i=l 

0 

where 

The F-functions are evaluated numerically by XBM 7094 f o r  var ious  values  

of the argument 8 .  

f o r  t he  unknown cons tan ts  b and b To t ieremine b and b we uae Zfxed s d i s -  

pers ion  r e l a t i o n  (FSD) i n  a region where the  p a r t i a l  wave expansion is  expected 

t o  be  convergent. The f ixed  energy d ispers ion  r e l a t i o n  f o r  the  i n v a r i a n t  ampli- 

tudes A(s , t ,u)  and B(s , t ,u)  a r e  given by 

.Thus the  partial wave amplitude N(s)/D(s) is  determined except  

3 4' 3 4 

A(s, t ,u)  = - RC + - RA + - % + - 1 l d t ' (  --d) + - Jdu'(---) (14) 2 S'SR n n 
u-% "'"I\ 



A similar expression holds  f o r  B(s , t ,u ) .  The t h i r d  term corresponds t o  the  

con t r ibu t ion  of the bound s ta te  o r  resonance i n  the  d i r e c t  channel with unknown 

pos i t i on  and res idue .  We drop the  con t r ibu t ion  from the  i n t e g r a l  terms on the  

RHS of Eq. (14) as w e l l  as the  vec tor  meson exchange pole terms i n  the  t-channel 

(These can he ahown t n  he small.). Thus oar  partial wave amplitude approximated 

by t h e  FSD i n  the  appropr ia te  region is  given by 

where 

L (Bound) + E) - K L j  1 

gl+ 

W 

the  corresponding residue.  

s tands  f o r  s' and denotes the  mass of the  bound state (or resonance); i s  
B B 

\ *  I 

I f  w e  equate  the  r i g h t  s i d e  of Eq. (15) with N ( s ) / D ( s )  a t  two poin ts  s 5  

and 5% (chosen appropr i a t e ly  such that both the  r ep resen ta t ion  (15) and the  

approximate r ep resen ta t ion  f o r  N(s)/D(s) ou t l i ned  above hold a t  5% and s%), 

I 

' 1  

l 1  
i '  

we can eva lua te  b and b i n  terms of the  input  values  of 8 and (ca l led  3 4 R l 

and ( ) . ) f o r  a given choice of the  Y Z K coupling cons tan ts .  We 
, 

('R) i n  i n  

choose, s u b j e c t  t o  the  c r i t e r i o n  discussed i n  I, 

75.i; 1 142 mi 

Once b and b are determined, as mentioned above, one can compute the  D- 3 4 

func t ion ,  look f o r  the  zero  of the real p a r t  of the  D-function, which w i l l  be 

i d e n t i f i e d  as the  output  value of S, ( ( s ~ ) ~ ~ ~ )  and t h e  corresponding output  

va lue  of t he  r e s idue  i s  given by I 
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Solu t ions  f o r  s and a r e  t o  be regarded as acceptable  i f  t h e i r  output  R 

values  are cons i s t en t  ( t o  wi th in  say 5%) with  the  input  vaiues.  I L  i s . h ~ ~ c c 2  

t h a t  these  so l i l t ions ,  i f  they exist, w i l l  l i e  wi th in  a narrow range and w i l l  

determine the  ques t ion  of ex is tence  of the  physical  bound s t a t e  (or resonance). 

I = 1, J = 3/2+ - KN-System: 

The t reatment  of I = 1, J 5 3/2+ - KN system i s  very  s i m i l a r  t o  t h a t  of 

t h e  I = 1, J - 3/2+-e E system. 

tude of both systems arise from similar exchanges i n  the  crossed channels,  such 

a s ,  f o r  example, A and C exchange i n  the  u-channel. Thus the  treatment of the  

KN system i s  simply obtained from t h a t  of the 3:-eystem by the following sub- 

The s i n g u l a r i t i e s  of the  par t ia l  wave ampli- 

, 
s t i  t u  t ions  

For t h e  -Kii sysielti; essentfzT1y &e tn (E - N) mass d i f f e rence  we 

2 s2 39.4  mn , 2 
s ck 18.8 mrr , 1 

s3 -17 mrr 2 , s4 % -400 m,, 2 

f i n d  I 

we choose 
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2 

s% = 80 m .  
'IT 

2 
s? = 60 m,, , 

and 

-- -- IIILLLC.II..b LILl..." preced3re fnr KN system and the  t e s t i n g  of ex is tence  of s e l f -  

cons i s t en t  so lu t ions  f o r  bound s t a t e s  or resonances are done i n  the  same way as 

f o r  t h e  Z-system. The r e s u l t s  f o r  both systems are sumnarised i n  the  following 

sec t ion .  

111. RESULTS 

I n  the following w e  f i r s t  summarise the  r e s u l t s  f o r  the  J = 3/2+, I = 1, 
- 
K E-system and then do t h e  same f o r  the  corresponding KN-system. 

+ - 
J = 3/2 , I = 1, K E:-System: 

(1) F i r s t  of a l l ,  irrespective of the  choice of  t he  r e l evan t  Yukawa coupling 

Constants (confined wi th in  a reasonable range) we f i n d  t h a t  t h e r e  does exis t  

s e l f - c o n s i s t e n t  s o l u t i o n  f o r  pos i t ion  and r e s idue  i n d i c a t i n g  the  ex i s t ence  

of bound state {or reowiafice) IC t!x 1.- 1, E-nystem (call t h e  correspond- 

i n g  p a r t i c l e s  as z - - ,  

2 (2) I n  the  SU(3) l imi t , gz  

Since i t  i s  no t  clear 

- 
z and z o ) .  

e 15 and f o r  a f / d - r a t i o  e -* 3' g m / 4 n  Ex 
how w e l l  these  pred ic t ions  are obeyed by the  physical  

hc 0. 1 2  
/4n 

coupling cons tan ts  a p a r t  fromwhat is  a reasonable  value f o r  the  f / d - r a t i o ,  

w e  t r i e d  a wide range of  values f o r  these coupling constants .  We chose 

gc =/4n = 

W e  f i n d ,  as i n  t h e * =  -problem, the  resul ts  are r a t h e r  i n s e n s i t i v e  t o  the  

2 2 16, 8 ,  4, 1, 0 and independently gm/4.n * 16, 8 ,  4 ,  1, 0. 
* 
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choice of t he  Yukawa coupling constants .  Of. course,  as is expected, there  

is found t o  be a gradual increase  i n  the se l f - cons i s t en t  va lue  of  the  r e s idue  

, with  an increase  of the  e f f ec t ive (6 )  coupling constant .  Except f o r  

t h i s ,  i t  i s  found t h a t  t he re  i s  riot a very  marked dependence of t he  pos i t i on  

of the  bound state (or resonancej OR  he ciwice ;f t k  ~cnpl i -ng  constants .  

I n  Other words, i f  we impose tha t  the  se l f -cons is tency  i n  pos i t i on  and resi- 

due be good t o  say  5 *lo%, then f o r  any choice of coupling cons tan ts  i n  the  

above range and f o r  input  values  of the  pos i t i on  i n  a reasonable range (say 

140 -180 m ); one can pick an  input value of 

of sR and \IC are cons i s t en t  with the  corresponding input  values .  The input  

values  of s t h a t  give rise t o  se l f - cons i s t en t  output values  are found t o  l i e  

wi th in  the  range 

2 
l T  

f o r  which the  output values  

R 

2 s 2t 140 - 175 mn R 

t h i s  range the se l f -cons is tency  becomes poorer. Depending upon the 

choice of the coupling cons tan ts  t he  corresponding self-consistent s o l u t i o n  

f o r  is found t o  l i e  wi th in  the  range 

Of course,  i f  one demands b e t t e r  and b e t t e r  degree of se l f -cons is tency  (say 

b e t t e r  than 1% i n  both res idue  and pos i t ion)  the  s e l f - c o n s i s t e n t  s o l u t i o n  

f o r  a given choice of  coupling cons tan ts  g e t  r e s t r i c t e d  t o  a narrower region. 

This  i s  p a r t  of  the  reason of q u a n t i t a t i v e  discrepancy between the  r e s u l t s  

of Kane(8) and t h a t  of ours.  Q u a l i t a t i v e l y  the  r e s u l t s  agree.  We f e e l  t ha t  

i t  i s  hard t o  judge a p r i o r i  how good a se l f -cons is tency  should one r e a l l y  
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expect i n  such an approximate method. So i t  may no t  be proper t o  d i s r ega rd  

s2lutFon.s which are no t  exac t ly  s e l f - c o n s i s t e n t  b u t  are so wi th in ,  s a y  S to 

10%. 

i n  Kane's work. 

The o t h e r  reaeon of discrepancy is the  neg lec t  of C A - m a s s  d i f f e rence  

-1. n 

(3) Again as i n  the  3 problem, with se l f -cons is tenL value v f  \c zrx! 

2 
g /4n C 5 ( say ) ,  the e f f e c t i v e  range pole terms denot ing the  f a r  l e f t  

hand c u t  con t r ibu t ion  (N ) a re  found t o  be l a r g e r  than the  nearby c u t  

con t r ibu t ion  (N ) by a t  least an  order  of  magnitude. S imi l a r ly ,  i n  t h e  

f ixed  energy d i spe r s ion  r e l a t i o n  the  '2, A-contribution t o  g i s  found t o  

(f) 

(n> 

.+ (Bound ) 1 

1+ 
be smaller than t h a t  of the bound s ta te  tern (g 1. 

J = 3/2+, I = 1 - KN-System: 

The q u a l i t a t i v e  a spec t s  of the r e s u l t s  (l), (2) and (3) mentioned above a l s o  

hold for t he  KN-system. 

due are found t o  l ie  i n  

' 8  c: R 

K e  

The se l f - cons i s t en t  s o l u t i o n s  for the  p o s i t i o n  and resi- 

the range 

2 85 & 135 mn 

(24) 
7.5 - ii 

2 
l T  

Above 135 m the  se l f -cons is tency  becomes considerably poorer. 

Thus one should expect no t  only a bound state (or resonance) i n  the  J - 3/2+, 
- -- - . I 0,  K E ( i . e . ,  SI - )  and I = 1, 2 2-system ( i .e .y  z , z zo), b u t  a l s o  i n  the  

The la ter  two are y e t  t o  be found. Thei r  exac t  l oca t ions  + J = 3/2+, K p-system. 

cannot  be pred ic ted  too  accura te ly  i n  the  present  framework. 

dieted t o  l i e  roughly i n  the  range 1650 

resonance) i s  predic ted  t o  l i e  i n  the  rang2 1309 IU 1600 Mev. 

However z-- i s  pre- 

+ - 1870 Mev while  K p bound s ta te  (or 
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The I = 1, k =-system ( z  , z 2") and t h e  1 = 1, iCiu'-aystem (K+p, etc.) 

belong t o  the  27-fold r e p r e s e l t a t i o n  of SJ(3) .  

cf the FroqPnt ca lcu la t ion  and froin t h e  p i n t  of view of u n i t a r y  symmetry, t o  

observe a hos t  of J = 3/2+ 27-fold bomd states (o r  resonances2 i n  the  Baryon- 

meson system i n  a d d i t i o n  t o  the a l ready  observed 10-fold representa t ion .  

t he re  is  some i n d i c a t i o n  of the  exis tenze of only one system which belongs t o  

One would expec t ,  on the bas i s  

IS 

So f a r  

the  27-fold r ep resen ta t ion ,  i .e.,  the resonance i n  gr" -sys tem a r o m d  1415 Mev. ( 9  1 

From the  experimental  po in t  of view the de t ec t ion  of z-- (I = 1, Y = -2) ,  i f  i t  

were produced i n  the  K-p experiment, would he considerably easier than t h a t  of 

n-. Since i t  has not been de tec ted  as y e t ,  one would guess t h a t  it l i e s ,  i f  a t  

a l l ,  q u i t e  a b i t  h igher  than !J-. 

experimental  indication(") on the  abseice of any bound state o r  resonance i n  

+ As regards K p system, the re  i s  a l ready  s t rong  

b *  

t h i s  system. 

of any bound state or resonance i n  the J = 3/2+, I * 1, 

A t  t h i s  s t a g e  we only note t h a t  i f  experiments confirm the absence 

E and/or I(N system, 

one would s e r i o u s l y  ques t ion  the suscess cIf  the  methods and the r e s u l t s  i n  the  

previous ciynamical calczlaticzs, 

of the  BalLzs-type boots t sap  procedrre,  which we note i n  the  following. 

These renarks are r e l a t e d  t o  a ge3ezal f e a t u r e  

* (il) R (3) 
3/2 '1 ' 

(5) e t c . ,  s u b j e c t  t o  the  boo t s t r ap  pzocednre as Y , z , K p and Z-n- 

We observe t h a t  var ious  types of 3 = 3/2+-systems, such as N 

8 (21, *- (I) -- + 

ou t l ined  i n  the present  no te ,  have a l l  y ie lded s e l f - c o n s i s t e n t  bound s ta te  ( c r  

resonant )  scilutions. From t h i s  one might guess t h a t  perhaps the  ana lys i s  is not  

80 s e n s i t i v e  t o  the  choice of the system, i t s  s t rangeness ,  i sosp in  and SU(3) 

r e p r e s e n t a t i o n  aEd t h a t  i t  w i l l  lead tc a se l f - co2s i s t en t  bourd s ta te  o r  resonant  

s o l u t i o n  i n  any 3 - 3/2+ Baryon (R)-pseudoscalar meson (P)-system, except when 

the  Born terms may be very s t rongly  repulsive. (12) This i s  a 
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remarkable and somewhat awkward r e s u l t ,  i f  i t  corresponds t o  r e a l i t y ,  al though 

i t  appears very iicl5kcly. 
b *  

We show i n  the  Appendix t h a t  t h i s  s i t u a t i o n  i s  t y p i c a l  

of a t  least the  Baldzs' type boots t rap  procedure, i n  which the  Yukawa coupling 

cons tan ts  play a r o l e  i n  a r a t h e r  inconspikuous way. This l eads  one t o  wonder 

about the  physical  impl ica t ions  of t h e  r e s u l t s  i n  such a scheme. 

the  most i n t e r e s t i n g  qugtition I s :  

anyway? 

At z i y  ="+_e 

will experiments preserve such a conclusion 
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APPENDIX 

A TYPICAL FEATURE OF BALAZS TYPE. PROCEDURE 

Typical ly  i n  a problem involving (B+P)-scattering one has: B 6.5 - 
10 m,, P e 1~ 4 mn; one is  i n t e r e s t e d  i n  s tudying the  occurrence of bound 

1 ,  

n 9 2 
TT n s ta te  o r  resonance i n  the  range of (MP) f 50 m 

(sR)in < (B+P) 

( say) ;  thus (B+P)' - 50 m- C 
2 3 + 50 m;; "5 and s - 3  ( the  two m t c h i n g  poin ts )  are roughly 

20 - 60 mL below threshold.  Under these  circumstances one can check q u i t e  

gene ra l ly  t h a t  i r r e s p e c t i v e  of the choice of the Yukawa coupling constants  (con- 

Tr 

f ined  wi th in  a reasonable range) one has t o  take i n  the  f i r s t  place a value of 

in which i s  a t  least  6 1 2  t o  have se l f -cons is tency  i n  the  pos i t i on  (i.e., 
\ 

). For such values of K i n  i t  i s  found by e x p l i c i t  ca lcu la-  ('R'out ('R'in 

t i o n s  i n  var ious systems t h a t  the o v e r a l l  conclusion on the  ex i s t ence  (and per- 

haps even the  loca t ion )  i s  hardly a f f e c t e d - b y  varying the  Yukawa coupling con- 

s t a n t s  by more than  an  order  of magnitude (g /4tr e 0 *16, say).  Furthermore, 

at least when the  Yukawa coupling cons tan ts  are not  ve ry  l a r g e  (g /4v e 1, say)  

2 

2 

(Born) are bigger  than N and g (Bound) 

(f) I+ (n) 1+ 
one f inds  that i n  genera l  N and g 

r e s p e c t i v e l y  by an  order  of magnitude or more. Given t h i s ;  one is l e d  t o  ask; 

what would happen i f  one had put t o  s ta r t  with;  

bl = b2 = 0 

One then needs t o  so lve  f o r  b and b from the  matching equat ions given by 
3 4 



The above e q u a l i t y  i s  expected t o  hold i n  an appropr ia te  region (see d iscuss ion  

22 +_his h I) 

matching the  r i g h t  and l e f t  s i d e s  of the above equat ion,  we  can eva lua te  b 

b i n  terms of Kin and (sRIin. One can then compute the  D-function, the  zero  

m#,g iven  by of whose real p a r t  gives  (s ) * the corresponding value of R ou t '  

(see Eq. (18)) 

w i t h i n  which one chooses the two matching poin ts  sPl, and s 3 .  By - 

and 3 

4 

bc out  

Choosing B ,  P and (sR)in i n  the  range mentioned above, one can now check 

q u i t e  gene ra l ly  the  following: 

(A) F i r s t l y  s t a r t i n g  from Eq. (A.2) one can so lve  f o r  Kin, t h a t  leads  t o  

.in (SRIout = (SRIin. 

t y p i c a l l y  i n  the  range of 8 - 12 which y i e l d s  ( B ~ ) ~ ~ ~ . -  ( s ~ ) ~ ~ ,  chosen i n  

It i s  found t h a t  t he re  always exists a value of 

t h e  range mentioned above. i 

f 

(B) i f  one next asks  what is the  value of Kout corresponding t o  uin so 

chosen as t o  y i e l d  (s ) 

m y  have been expected from Eqs. (A .2 )  and ( A . 3 ) ) ;  i f  (sR)in i s  chosen i n  a 

c e r t a i n  range below the physical threshold (corresponding to  a bound state 

s c l u t i o n ) ,  where the  f ixed  energy d i spe r s ion  r e l a t i o n  is expected t o  hold t o  

= (sR)in (as mentioned i n  ( A ) ) ,  one f inds  (as R ou t  

t h e  same ex ten t  t h a t  we used i t  t o  determine b3 and bLk; then 

i d e n t i c a l l y  equal t o  Kin. This may be seen as follows. For values  of 

Kout is  

( s ~ ) ~ ~  as mentioned above w e  may put; 
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Using Eq. ( A . 3 )  i t  follows - Kin. This would imply t h a t  i n  

the  Baldzs' procedure; i n  so  f a r  as the  Born terms and N 

out  

a r e  much smal le r  
(n) 

and N r e spec t ive ly ,  one i s  almost guaranteed t o  ob ta in  a t  (Bound) 

( f )  13 
than g 

l e a s t  bound s ta te  se l f - cons i s t en t  s o l u t i o n  f o r  any J 3/2+ (B+P)-system. 
I+ 

I n  some cases  ( spec ia l ly  when the r e l evan t  Yukawa coupling cons tan ts  are 

l a rge )  the  Born terms and N are appreciable .  These may make some quant i -  

tat ive d i f f e rence  i n  the  r e s u l t s .  However i n  a c t u a l  p r a c t i c e ,  i t  i s  found 

by e x p l i c i t  c a l c u l a t i o n  i n  var ious systems (References 1, 2 ,  5 and prksent  

(d 

note ,  e tc . )  t h a t  t he re  do e x i s t  very good se l f - cons i s t en t  s o l u t i o n s  even 

2 ,. f o r  a very wide range of values of t he  Yukawa coupling cons t an t s ,  (g 141~  

0 N 20, say) .  Thus i t  appears t h a t  even with the  inc lus ion  of the  Born 

and N ) the  c v e r a l l  q u a l i t a t i v e  conclusion regarding the  (Born) terms (g 

ex i s t ence  of s e l f - c o n s i s t e n t  s o l u t i o n  cnrresponding t o  e i t h e r  a bound s t a t e  

o r  a low-lying resonance14 i n  every J = 3/2 

(4 1+ 

+ (B+P)-system w i l l  s t i l l  be  main- 

(12) t a ined  ba r r ing  the  s i t u a t i o n  where the  Born terms a r e  s t rong ly  repuls ive .  t 

We note  t h a t  the  above arguments regarding se l f -cons is tency  need not  hold 

2 f o r  resonant  so lu t ions  ((s ) > (BCP) ), s ince  the  r ep resen ta t ion  of the  p a r t i a l  R i n  
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. !  wave amplitude by the  f ixed  energy d ispers ion  r e l a t i o n  i s  not expected t o  hold 

i n  the physical  reg ion  (In other  words we cannot d i r e c t i y  use Z q .  (A.2; tc judgs 

the  se l f -cons is tency  i n  .). From t h i s  one might guess t h a t  the  self- 

z c = c l z t e n c y  may g e t  worse as one goes s u f f i c i e n t l y  above the  physical threshold 

2 2 ((sRlin > (B+P) 

t i o n  i n  var ious  systems. 

+ 50 mn, say) .  This i s  found . to  be the case by actua1"calcula-  
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* ,  
13. We have not  checked y e t  i f  similar s i t u a t i o n  holds  for  o t i e r  values  of angu- 

lar  momentum and pa r i ty .  

I n  view of the  r o l e  played by the nearby s i n g u l a r i t i e s  (N(n))  and g 

the fact  t h a t  t he  se l f -cons is tency  cannot q u i t e  r igorous ly  be judged on the  

bas i s  of Eq. ( A . 2 ) ,  i t  i e  qu i t e  poss ib l e  to  ob ta in  a low ly ing  ( ldw ly ing  

compared t o  the physical  threshold (B+P) ) resonance r a t h e r  than a bound 

s t a t e  so lu t ion .  This i s  what happens i n  case of  (3,3) rrN resonance," f o r  

example. 

(Born) 14. and 
1+ 

2 


